1. In troduction C yanobacterial thylakoids turned out to be well ap ted for extraction o f oxygen-evolving photosys tem 2 p rep aratio n s [1] [2] [3] . T he m ethod was first developed and reported [1, 2] for the th erm o p h ilic cy anobacterium
Phorm idium lam inosum using L D A O as detergent (to solubilize PS 2).
L ater [3] , w ith som e m odifications o f the m ethod, LD A O was show n to be sim ilarly applicable to th e cyanobacteria Anacystis nidulans (Synechococcus 6301) and Aphanocapsa.
F o r an o th er th erm o p h ilic cyanobacterium , S yn e chococcus sp. isolated from hot springs [4] extraction w ith d igitonin and chrom atographic separations o f photosystem s 1 and 2 have been rep o rted [5] . T hese latter p rep aratio n s o f reference [5] how ever, show ed electron transport only in the presence o f artificial donors, b u t no 0 2 evolution. In the present w ork we report the extraction o f an oxygen-evolving p re p a ra tion from this cyanobacterium w ith use o f LD A O as detergent.
Abbreviations. APC, allophycocyanin; Chi, chlorophyll; Cyt, cytochrome; HEPES, N -2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid; HMP-buffer, buffer containing 20 mM H EPES-NaO H, 10 mM magnesium chloride and 2 mM Na-K-phosphate; HMPM-buffer, HM P-buffer con taining 0.5 M mannitol; LDAO, lauryldimethylamine oxide; MES, 2-(N -m orpholino)ethane sulfonic acid; PBS, phycobilisomes; PMS, phenazine methosulfate; PS, photo system. 
M a terials and M ethods

Culture
A Synechococcus sp. th erm o p h ilic cyanobacterium (gift from Prof. S. K atoh, U niversity o f Tokyo and described in [4] ) was cultivated at 50 °C for 48 h in the m ed iu m o f [6] , su p p o rted w ith 5% carbon dioxide and illu m in ated w ith fluorescent lam ps (O sram " L -daylight 5000"). Cells were harvested by cen trifu g atio n an d w ashed tw ice in 20 m M HEPES-N aO H (pH = 7.8), 10 m M M gC l2 and 2 mM N a-Kph o sp h ate (H M P -buffer).
Preparation o f spheroplast membranes and extracts
T he w ashed cells w ere resuspended in 20 mM H E PE S -N aO H (pH = 7.8), 10 mM MgCl, 2 mM N a-K -ph o sp h ate and 500 m M m annitol (H M PM -buffer) in a co n cen tratio n o f 1 mg C h l/m l and treated w ith 0.2% (w /w ) egg lysozym e (Serva) at 50 °C for 1 h in th e d ark and u n d er gentle agitation. T he lysed cells w ere cen trifu g ed for 5 m in at 1 2 0 0 0 x g and osm otically shocked by su b seq u en t resuspension in H M P-buffer. A fter tw o w ashing cycles in th at buffer, sp h ero p last m em b ran es w ere form ed w hich were suspended in a b u ffer o f 80% (v/v) H M PM plus 20% glycerol at a co n cen tratio n o f 1 mg C h l/m l. A fter ad d itio n o f 0.2% L D A O (F lu k a A G ), the m ixture was stirred in th e d ark at 4 °C for 30 m in, then centrifuged at 110 000 x g for 60 min. T he su p ern a tan t was used for fu rth e r studies.
A nalytical M ethods
C h lo ro p h y ll-a extracted from m em branes or PS 2 p rep a ra tio n s w ith 80% acetone was determ ined from the absorbance at 663 nm [7] , C -phycocyanin in situ was estim ated from the absorbances at 620 nm and 678 nm using equations o f A rnon et al. [8] , 0 2-evolving activity was m easured w ith a C lark-type electrode under conditions as elab o rated in [4] : at 40 °C in 50 m M M E S-N aO H buffer (pH = 5.5) con taining 500 mM sucrose, 20 mM sodium chloride, 10 mM m agnesium chloride and 1 m M K 3(F e (C N )6) (potassium ferricyanide) as an electron acceptor. Illum ination was provided by light from a 250 W halogen lam p through a w ater filter at an intensity o f 80 m W /cm 2. PS 2 activity was also estim ated by m easuring the absorption decrease o f K 3(F e (C N )6) at 420 nm at 40 °C in the above buffer. In eith er case th e LD A O concentration in the assay m edium did n ot exceed 0.01%.
C ontent o f photosystem 1 was d eterm ined by two m ethods: a) chem ically recording reduced m inus oxidized difference spectra on a Beckm an UV 5260 spectrophotom eter w ith 2 m M ascorbate as red u ctan t and 1 mM K3(F e (C N )6) as o xidant [9] and calcu lating w ith a m olar extinction coefficient e -64 000 m -1 cm -1 at 700 nm [10] ; b) m onitoring the flashinduced absorbance changes at 702 nm as described in [11] in H M PM -buffer supplied w ith PM S (20 ^m), sodium ascorbate (0.2 m M ) and m ethylviologen (0.1 m M ). C ontent o f active photosystem 2 was d eterm ined by m easuring the average oxygen yield in repetitive single turnover flashes as described in [12] and under the follow ing conditions: H M PMbuffer pH = 6.5 plus 0.1 m M K3(F e (C N )6), aver aging 100 flashes, h a lf m axim al flash d u ratio n ~ 20 JJ.S, flash repetition frequency 2 s-1.
C ytochrom e b 559 was estim ated from chem ically reduced m inus oxidized difference spectra w ith d ith io n ite as reductant and K 3(F e (C N )6) as o xidant using e = 20 000 m_1 cm -1 [13] .
Fluorescence spectra w ere m easured w ith an SLM 4800 S spectrom eter. T he sam ples w ere frozen in liquid nitrogen and connected w ith the sp ectrom eter by m eans o f a bifurcated fiberoptic. T hus, em ission was m easured in reflection p erp e n d icu la r to the surface o f the sam ple. Intensities o f the irra d ia tio n arriving at the surface w ere determ in ed by m eans o f a H ew lett-Packard rad ian t flux m eter 8330 A. T his can be due to an increased solu b ilizatio n o f such chlorophyll-protein-com plexes w hich do not co n trib u te to PS 2 activity (e.g. light harvesting-or PS 1-com plexes). T he su p ern atan t w ith m axim al oxygen evolving activity was ap p lied to an U ltrogel A 4 colum n for gel-filtration. The resulting elution p attern s o f oxygen evolving activity, chlorophyll concen tratio n , C -phycocyanin-concentration, and O D 280 nm (for p ro tein concentration) are illustrated in Fig. 2 . C hlorophyll is eluted in the first peak and C -phycocyanin (possibly from a rem a in d er o f phycobilisom es) can be separated from th e PS 2 p rep a ra tio n w ith o u t loss o f activity. T he peak fractions for chlorophyll will be term ed p u rified PS 2 p rep a ra tio n s in this paper.
R esults and D iscussion
T h e activities for th e spheroplast m em branes, the su p e rn a tan t after 0.2% LD A O extraction and a p u rified PS 2 p rep a ra tio n are com pared in T ab le I. C om parison betw een spheroplast m em branes and the sup ern atan t shows a four-fold increase o f ac tivity. O xygen-yields in single turnover flashes show th at this corresponds w ith an increase o f the n um b er o f active PS 2 centers per chlorophyll. T he content o f Cyt b 559/C h l, also an indicator o f PS 2 reaction centers, was increased w ith a sim ilar ratio as th a t for enhancem ent o f activity. Sim ultaneously, the content o f P 700/C hl decreased upon extraction. Thus, the m ethod is show n to cause a rath er specific extraction o f PS 2 com ponents w ithout desactivation.
T he ab so rp tio n spectra o f spheroplast m em branes, su p ern atan t and p u rified PS 2 preparations are show n in Fig. 3 . T hey indicate th at the treatm ent w ith LD A O does solubilize m ost o f the phycocyanin Umax = 620 nm ), b u t only p art o f the chlorophyll (ab o u t 5% o f total chlorophyll according to Fig. 1) .
F u rth erm o re, th e sh o u ld er at ab o u t 650 nm in the ab so rp tio n spectrum o f the su p ern atan t indicates th at allophycocyanin is also extracted.
A fter gel filtration, sep aratin g the phycocyanin containing proteins from th e PS 2 prep aratio n (Fig. 2) , th e ab so rp tio n spectrum reveals th at large am o u n ts o f th e au x iliary pigm ent allophycocyanin are still tightly b o u n d to the PS 2 preparation. This has not b een observed in the previously reported PS 2 p rep aratio n s from cyanobacteria [1 -3] .
O u r findings can be u n derstood w ithin the present m odel [14] for th e o rg an izatio n o f auxiliary pigm ents in cyanobacteria. Phycocyanin (absorbing at / max ~ 620 nm ) localized in the p erip h eral rods o f phycobilisom es transfers its excitation energy to allophyco cyanin (/.max ~ 650 nm ) and allophycocyanin-B Umax ~ 670 nm ) localized in th e core o f the PBS [14] . F ro m th ere it is channeled to the chlorophylls o f the PS 2. T h e efficiency o f the latter energy tran sfer is facilitated by attach m en t o f the core o f a PBS to chlorophyll proteins w ithin the m em brane (n ear or at PS 2). D issociation o f com plete phycobilisom es from chlorophyll usually is achieved with 1% T rito n X-100 as d eterg en t and u nder high ionic strength (0.75 m K ,H P 0 4 [14] ); therefore it could be possible th a t trea tm e n t o f o u r spheroplast m em branes w ith L D A O in low salt bu ffer solubilizes a m em b ran e fragm ent from w hich the phycocyanin containing p art o f th e PBS has been detached, while parts o f the core com plex rem ain still associated.
Fluorescence em ission spectra recorded at 77 K from sp h ero p last m em b ran es and from a purified PS 2 p rep a ra tio n are presented in Fig. 4 . U pon excitation o f chlorophyll (at 430 nm) spheroplast m em b ran es show th e well know n em ission spectrum [5, 15] , w ith peaks term ed F 685 and F 695, a ttrib u t ed to PS 2 [15, 16] and an intense peak o f F 730 due to PS 1 [15, 16] . F luorescence from purified PS 2 p re p aratio n s show s peak values at 687.5 nm and 694 nm and only a very w eak em ission from PS 1. T his is in q u alitativ e accordance w ith the results o f T able I, reflecting the increase o f the m o lar ratio PS 2/P S 1. Purified 251 In [5] and [17] th e 77 K em ission spectra o f cyanobacterial PS 2 com plexes inactive in oxygenevolution have been reported. T hose spectra are very sim ilar to th at o f the oxygen-evolving PS 2 p rep aratio n shown in Fig. 4 .
Interestingly, upon irra d ia tio n at 650 nm , and thus exciting m ainly the au x iliary pigm ent allophycocyanin, we observe a significantly altered em ission spectrum . Fluorescence then has a p eak m axim um at 685 nm (not shown) and also fluorescence yields are different: the d eterm in atio n o f the exciting irra d iatio n flux revealed th at the excitation at 650 nm gives ab o u t tw ice th e yield co m pared to excitation at 430 nm. T he em ission cannot arise from allophycocyanin w hich fluoresces at 655 nm [16] . T herefore, pigm ents to be discussed are allophycocyanin B, for w hich an em ission at 680 nm is reported [16, 18, 19] and chlorophyll. An intensive em ission at 683 nm was rep o rted [5] from a chlorophyll-protein com plex tentatively in terp reted as antenna com plex. Both -------) , supernatant (-----) and purified PS 2 preparation (-). Spectra were recorded in HMPM buffer at 298 K. Samples were diluted arbitrarily.
